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Abstract: Fruit ripening is the stage that most demands water. Here we report the negative influence of a 
shortage of water on the ripening of Miconia calvescens (Myrtales, Melastomataceae) fruits. In 2014 rainfall 
levels in Ilha Grande, municipality of Angra dos Reis, state of Rio de Janeiro, Brazil, were low in comparison 
with the historical means (2003-2013), leading to dry-season conditions during the peak of the wet season. 
The low rainfall levels may have caused the abortion of the first unripe fruit crop. Fruit development and 
ripening started again by the increase of the rainfall levels. The results indicate that water stress is a limiting 
factor for fruit ripening in this species, given that its fruits have high water content.
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Phenological studies determine the patterns of 
occurrence of repetitive biological events (Talora 
& Morellato 2000), which provide insights into 
the dynamics of the ecology of plant species and 
contribute to the understanding of ecosystem 
function and the temporal distribution of resources 
(Rosemartin et al. 2014). Climate seasonality is 
generally considered to be the most important 
factor determining the phenological patterns of 
plant species (Morellato et al. 2016).
In tropical environments with pronounced 
rainfall seasonality, the dry period typically 
determines plant phenology patterns by limiting 
growth and reproduction (Van der Sleen et al. 
2015). However, some studies have shown that 
the variation in day length and temperatures also 
often influence plant phenology, given that most 
species present periodicity in phenological events, 
even in non-seasonal regions (Talora & Morellato 
2000, Morellato et al. 2013). As fruit development 
and maturation are the stages that most demand 
water (des Gachons et al. 2005), a shortage of water 
during this period should have a negative effect on 
fruiting patterns, especially in species that produce 
pulpy fruit with high water content (Maruyama et 
al. 2007). 
The phenological patterns of tropical plants 
are heterogeneous, and will often vary among 
populations, and even within a population, in 
relation to the age and structure of the plants, 
and differences in micro-habitats (Calle et al. 
2010). Data on the dynamics of the phenological 
patterns of a plant species can contribute to the 
understanding of its survival and reproduction 
strategies (Chambers et al. 2013). While many 
phenological studies are available, few evaluate 
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the influence of microclimatic conditions, such 
as rainfall levels, on the different phenophases 
(Marques et al. 2004). 
Miconia is the largest genus of the family 
Melastomataceae (Myrtales), with more than 1000 
registered species (Goldenberg et al. 2013). In 
areas where many Miconia species coexist, they 
typically fruit sequentially, resulting in prolonged 
fruit availability (Snow 1965). Miconia is relatively 
common in the Atlantic Forest (Allenspach et al. 
2012). Most species produce abundant fruit crops 
throughout the year, providing a keystone resource 
for many frugivores (Borges 2010).
 We investigated the influence of rainfall levels 
on the fruit ripening of Miconia calvescens DC, a 
relatively abundant species in tropical forests which 
lacks information about the influence of rainfall on 
fruit development. Miconia calvescens is a shrub or 
tree, growing to a height of up to 15 m (Meyer 1998), 
with a high germination capacity, tolerance of low 
levels of luminosity, and relatively high growth rate. 
It typically begins fruiting at 4-5 years of age, when 
grown from seed, which are dispersed by birds 
and small mammals (Meyer & Florence 1996). This 
species is a serious invader in the tropical Pacific, 
including the Hawaiian and Tahitian Islands, where 
it may form extensive monospecific stands and 
dense thickets that have essentially taken over large 
tracts of rainforest habitat (Meyer 1998).
Ilha Grande is a continental island in the 
municipality of Angra dos Reis (23º15’ S, 44º15’ W), 
on the southern coast of the Brazilian state of Rio de 
Janeiro. The island has one of the largest continuous 
remnants of Atlantic Forest found in the state. The 
field survey was carried out in a protected area, the 
Ilha Grande State Park, which covers more than half 
of the island. The vegetation consists of Atlantic 
Forest formations, together with areas of coastal 
Restinga and mangroves. The weather is tropical, 
with a mean annual temperature of approximately 
23°C and high rainfall levels, especially during the 
austral summer, with a mean annual precipitation 
of around 1700 mm (Alho et al. 2002).
Fieldwork was conducted monthly between 
January and December, 2014. We tagged 20 trees of 
M. calvescens along a patch of Atlantic Forest, 200 m 
distant from one another. The Fournier index was 
used to estimate the intensity of the phenophases 
(i.e., buds, flowers, unripe fruits and ripe fruits) 
in each individual (Fournier 1974). To estimate 
the availability of ripe fruit on each individual, 
the number of fruits of five infructescences was 
registered and multiplied by the total number of 
infructescences found on the tree (Chapman et al. 
1992). Rainfall data were obtained from the National 
Institute of Meteorology (INMET) meteorological 
station at the municipality of Angra dos Reis, on 
the coast of the state of Rio de Janeiro, Brazil. In 
addition to the monthly precipitation values for 
the study period, historical means were calculated 
for the last 10 years (2003-2013). The relationship 
between monthly rainfall and ripening fruits was 
tested using Pearson’s correlation.
The phenophases overlapped in April, May, July, 
and August. Flowering was discontinuous and short, 
with buds appearing in January-February, April-
May, and July, and flowers in January-February, 
April-May, and July-August. The emission of buds 
and flowers peaked in February (Figure 1). Fruiting 
was prolonged, with unripe fruit being observed 
between March and December, and ripe fruit from 
May through December. Fruiting peaked in March, 
declining considerably in April and May, coinciding 
with the appearance of buds and flowers, which are 
consistent with the conclusion that the unripe fruit 
crop was aborted (Figure 1).
Monthly rainfall at the municipality of Angra dos 
Reis in 2014 was relatively low in comparison with 
the historical means for the last 10 years (Figure 2). 
Precipitation in January and February 2014 were 
comparatively lower than historical means, being 
comparable to levels typical of the dry season.
The M. calvescens trees bore an average of 91 
± 33 (SD) infructescences per individual, bearing 
thousands of small fruits (less than 1 cm). The 
number of ripe fruits began to increase considerably 
in August (Figure 3), although there was a decrease 
in precipitation in August and September, which 
coincided with a decrease in the presence of ripe 
fruits in September (Figure 3). The fruits began to 
ripe in May, but the number of ripe fruits began 
to increase noticeably only in October, peaking in 
November and December (Figure 3).
Unripe fruit began to appear in March, but this 
crop was aborted, and the quantity of unripe fruits 
recorded in April and particularly in May decreased 
considerably. The proportion of juvenile fruits that 
ripe depends on many factors, such as weather 
conditions, seed predation and the ability of the 
maternal parent to provide the resources necessary 
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Figure 1. Fournier index recorded monthly in 2014 for the phenophases of Miconia calvescens 
(Myrtales, Melastomataceae) trees monitored in a fragment of Atlantic Forest at Ilha Grande, 
state of Rio de Janeiro, Brazil.
Figure 2. Monthly rainfall recorded at the municipality of Angra dos Reis, state of Rio de Janeiro, 
Brazil: 10-year historical means (2003–2013) and monthly total precipitation recorded during 
2014. Source: COPPES /DIGAT/INEA/INMET.
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Figure 3. Estimated number of ripe fruits recorded monthly in Miconia calvescens (Myrtales, 
Melastomataceae) trees during 2014, and the precipitation recorded during the same period at 
the municipality of Angra dos Reis, state of Rio de Janeiro, Brazil.
for growth and development (Marcelis et al. 2004). 
Resource conservation theory predicts that the 
maternal plant should abort those fruits furthest 
from maturity in order to conserve scarce resources 
(Marcelis et al. 2004). Water stress is a limiting 
factor for fruit development (Carpentieri-Pípolo et 
al. 2008). The ripening period is the one that most 
demand water resources, to ensure the adequate 
development of the fruit tissue (Martins & Silva 
1997). Given this, it seems likely that the abortion 
of this first crop was related to the low rainfall levels 
recorded in January and February. 
There was a positive correlation between fruit 
ripening with rainfall (Pearson’s correlation test = 
0.44; p < 0.01), which indicates that rainfall could 
influence ripening in this species. The increased 
rainfall recorded in July, was followed by a minor 
peak in ripe fruits in August (Figure 3). However, 
rainfall decreased in August, and was followed by a 
decrease in the records of ripe fruits in September. 
Despite the low rainfall levels registered in 
September, the number of ripe fruits began to 
increase considerably from October onwards. It is 
possible that the high levels of rainfall recorded in 
October had triggered ripening since the number 
of ripe fruits increased strongly in the following 
months, along with increasing levels of rainfall. 
The apparent influence of rainfall levels on fruiting 
patterns in M. calvescens is likely related to the 
plant’s demand for water, given that the fruit’s pulp 
is 80% water (Maruyama et al. 2007). 
In a study of five Miconia species, Borges (2010) 
found that rainfall levels influenced the production 
of unripe fruit in different ways. In M. chamissois 
and M. ibaguensis, the rainfall levels in the months 
prior to the fruiting period are key, providing a 
trigger for the initiation of the emission of flower 
buds and the subsequent development of the fruits. 
In M. theizans, M. affinis, and M. albicans, however, 
the key period was the beginning of the fruit set. 
Cunha et al. (2016) found that low rainfall levels 
influenced the reproductive phenology of Eugenia 
punicifolia (Myrtales, Myrtaceae), with flowers 
being aborted after pollination. A similar process 
was recorded by Pezzopane et al. (2008), who 
observed that a water deficit during the flowering 
and fruiting period affected the development of 
Coffea arabica (Gentianales, Rubiaceae) fruits.
Rainfall levels are likely to affect fruit ripening of 
M. calvescens but may not be the only contributor. 
The combined influence of rainfall and temperature 
on phenophases is greater than each factor 
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individually (Ferraz et al. 1999). Clearly, further 
research is required to provide a more systematic 
understanding of the simultaneous influence of 
abiotic factors and their variations on phenological 
patterns. 
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